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This paper analyzes the relationship between residential housing price and rent across different 
regions in Vancouver and Tokyo.  
All data sets are collected in time series from 2005 to 2019. Data for Vancouver’s housing price is 
obtained from the average annual residential housing prices directly collected from the “MLS HPI 
Home Price Comparison” data base offered by Real Estate Board of Greater Vancouver. For rental 
market, we directly collected our data from Canada Mortgage and Housing Corporation (CMHC) 
through their “Rental Market Survey (RMS)” including average rents for all types of residential units, 
availability for each type of unit and their vacancy rates accordingly. All Vancouver data sets were 
collected in Canadian dollars per unit on average. Both price and rent data for Tokyo was collected 
from a local Japanese Real Estate information provider called Tokyo Kantei Co. Ltd. We picked 
Tokyo and the other three regions around Tokyo (Yokohama, Saitama and Chiba). All Tokyo data 
were collected in average price (JPY) per square metre for both price and rent.  
We mainly used discount cash flow analysis through Excel Solver for estimating the discount rate for 
residential housing market across the 12 regions in the Greater Vancouver Area and the 4 regions in 
Tokyo area to test if the estimated cost of finance matches the actual mortgage rate offered by local 
financial institutions. We estimated the annual discount rate for each region by assuming that one 
investor buy the property at the end of 2005 and sell it by the end of 2019, who will also receive 
 
 
annual rent as consecutive cash inflows for 14 years. The second part of analysis focused on using 
panel regression model to test the relationship between change in price and change in rent for both 
cities. We also include the lag period due to the late response in rent change compared to the change 
in price of the same unit.  
The main finding of our study is that the estimated annual discount rate for all regions did not match 
the actual mortgage rates perfectly, but there is a similar pattern and movement in general. For panel 
regression, we obtained significant results for fixed and random effect tests on Vancouver data, both 
of which indicating a positive relationship between the price change and the rent change, with 
one-year lag in rent change. For Tokyo, we were not able to get a significant result to conclude a 
strong correlation between housing price change and rent change across 4 regions in Tokyo Area. 
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I was living in Vancouver and I am managing a mortgage of a condominium in Vancouver. Currently, 
the unit is occupied by two tenants with long-term contract. I was trying to calculate the return of 
this unit in Vancouver by taking all rent income, operating expense, property tax and strata 
maintenance fee etc. into consideration. Sometimes I need to compare the expected rate with the 
market condition to determine how much rent I should charge for my tenants. Since I am the owner, 
I have easy access to almost all the necessary information to get a relatively precise estimation. 
However, when it comes to evaluating a property listed in a real estate market, it is becoming harder 
to get access to relevant information. Having been studying Finance in Canada and now in Japan, I 
have always been curious about the differences and similarities between financial market and 
housing market. Can we evaluate a property as how we do it for a financial asset? Do rational 
investors treat real estate property as a financial asset? If yes, can housing price be explained by rent 
as how stock price is valued based on its dividend paid? As we know, dividends are usually paid out 
4 times a year, while majority of rent collection is often on monthly basis. Is the connection between 
rent and price as corresponsive as one between stock and dividend? Will owning a house be a hedge 
for the rent increase? On a bigger scale, do those two markets might move together or not? In 
general, real estate investments are considered less liquid than financial ones. Does less liquidity 
lead to more risk in the real estate market as well? I think one of the major reasons why stock market 
acts more quickly than real estate market is that stock market is often heavily leveraged compared to 
the housing market. Secondly, since there also have been several literatures studying on whether 
housing market move similarly as the stock market by analyzing the price-rent relationship through 
discounted cash flow model, treating rent as a dividend of housing investment. In order to value this 
relationship whether it is also applicable in the housing market, we need to examine the discount rate 
in the housing market compared to that of stock market. As we know, interest rate fluctuates 
depending on the influence of the stock market, we might need to decompose the interest rate and 
give deeper analysis. In that way, we can see how those fluctuations drive the movement or 
co-movement of two different markets, to further measure how close they move in the same 
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direction or reversely. On the other hand, I think the government policy and local economic might 
play an important role on how they affect the relationship between its stock market and housing 
sector. 
There are many questions like those to be solved. Compared to equity and bond markets, there have 
been relatively fewer studies on the nature and sources of housing market volatility and the 
relationship between housing price and rent. I want to make full use my experience of managing a 
Canadian residential mortgage and the chance of living and studying in Tokyo. We will use housing 
data and market information mainly from Vancouver and Tokyo because both have their own unique 
real estate market structure and local government policy. There are many factors affecting the 
movement of the housing market of one specific region. In this study, we will mainly focus on 
examining the cost of financing a residential unit without considering other costs such as operating, 
maintenance, or tax expenses.  
Here are some basic distinguishable features for Tokyo and Vancouver in terms of both financial and 
real estate market. Tokyo has much higher population and larger population density then Vancouver. 
Tokyo has been experiencing more problems of scarcity of land, more exposure to natural disaster, 
and relatively low financing rate. Vancouver has been famous for its steadily low vacancy rate and 
high price mainly due to pressure from foreign investors and immigrations, both of which hold the 
demand of housing and rental market in Vancouver at a relatively high level for years. Although 
Tokyo does not have strong immigration culture, but there is huge inflow of population from other 
prefectures in Japan into Tokyo, especially the center 23 wards of Tokyo has always been the most 
populated and low vacancy area. Another feature of Tokyo real estate market is that, unlike North 
American countries, most of the investment on in residential sectors, while in Tokyo, the office 
building sectors are more heavily weighted. We still picked the residential section of both cities to 
make our analysis more consistent and focused.  
Our objective is to find out if there is a strong correlation between housing price and rent across 
different regions in Vancouver and Tokyo by estimating the discount rate and regressing change in 
price against change in rent. Intuitively, housing prices and rents should have a positive correlation. 
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As a property, if the house price rises, then the cost of renting it should also increase. When rents are 
high, people will buy more houses for rent, and house prices will rise as demand for purchases 
increases. If rents fall due to rising house prices, the purchase behavior will be reduced, so that the 
rate of increase in house prices will decrease. We can see that rents might reflect house prices while 
house prices might determine rents. However, it might not always be the case. There is a lot of other 
economic considerations might need to be taken into consideration. For example, it is believed that 
an important reasoning for housing prices to suppress consumption is that housing prices rise 
accompanied by rising rents. In addition, the relationship between housing prices and rents will also 
have an impact on the explanation for the increase in residents’ leverage. For instance, if house 
prices and rents are positively changing, then it means that with the increase in house prices, the rent 
of residents will increase, and the income will increase accordingly. The local income level 
compared to housing price or rent level could be a correlation indicator as well since empirical data 
also show that countries with higher levels of disposable income generally correspond to relatively 





We went over several studies regarding housing market features and the relationship between 
housing price and rent. 
First, we studied the paper “Understanding Housing Market Volatility” (2015) by Joseph Fairchild, 
where he conducted a factor structure for the price–rent ratio of housing market in the United States. 
They tried building a dynamic factor model of the price–rent ratios of 23 major metropolitan areas of 
the United States. They found that “a large fraction of housing market volatility is local, although the 
impact of local factors has become smaller after 1999” (Fairchild, 2015). Also, an important finding 
from their study is that both at the local and at the nation-wide levels,  risk premiums is the one of 
the major cause of housing market volatility while interest rates has a relatively smaller impact on 
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shaping the movements of the real estate markets. This is also what we are going to further analyze 
by testing the discount rate or the cost of finance in both Tokyo and Vancouver housing market to see 
how interest rate affect the evaluation of a property and to examine if the estimation match the actual 
historical data for cost of finance. 
Next, we looked at the study “What factors drive the price–rent ratio for the housing market? A 
modified present-value analysis” (2015) by N. Kundan Kishor, James Morley. They tried to figure 
out those factors affecting the price–rent ratio for the real estate market in 18 U.S. metropolitan areas 
and for the national level as well from 1975–2014. They used a modified present value analysis by 
decomposing the price- rent ratio into three components, which are expected real rent growth, 
expected housing return and residual term , which represents the non-stationary parts away from the 
present-value model. Instead of comparing the price-rent ratio, we were trying to compute the 
change within price or rent first and regress against each other to test the correlation between 
housing price and rent.  
Another paper called “The Long-Run Relationship Between House Prices and Rents” (2008) by 
Joshua Gallin conducted standard error-correction models and long-horizon regression models to test 
how the rent–price ratio predicts future changes in both rents and prices. One of their findings was 
that the rent–price ratio is able to predict changes in real prices over periods less than 5 years, but the 
ratio cannot be used for predicting changes in real rents over the same time span.  
There are several papers that have tested whether price-rent or rent–price ratio is an indicator of 
valuation in the real estate market. What we did for the analysis was not constructing a model to test 
the price-rent ratio, rather than that, we use the present value approach to estimate the discount rate 
across different regions and panel regression find out the relationship between price and rent in 
different housing market. Since there also have been several literatures studying on whether housing 
market move similarly as the stock market by analyzing the price-rent relationship through 
discounted cash flow model, treating rent as a dividend of housing investment. In order to value this 
relationship whether it is also applicable in the housing market, we need to examine the discount rate 
in the housing market compared to that of stock market. As we know, interest rate fluctuates 
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depending on the influence of the stock market, we might need to decompose the interest rate and 





Data and Methodology 
All data used in our analysis were secondary collected from some local real estate research 
institution and statistic websites.  
For Vancouver, the average annual residential housing prices were directly collected from the “MLS 
HPI Home Price Comparison” data base offered by Real Estate Board of Greater Vancouver. Greater 
Vancouver, also known as “Metro Vancouver”, is a metropolitan area with 14 regions 
(municipalities) including City of Vancouver being one of the major cities among them. We only 
picked 12 regions out of the total 14 due to the lack of sufficient number of quantitative data 
collected on White Rock and Langley area. That is why we excluded those two regions to obtain a 
more accurate and comprehensive estimation. In terms of the time period of the data base, they did 
provide with monthly average home price data, but in order to match the annual rent data we 
collected later, we decided to use the annual average for home price as well. The original data base 
includes both home price index and the average price. To match the rent data, which was collected 
and arranged in Canadian dollar, we decided to go with money amount for housing price, to make 
log transformation in later analysis more consistent as well. The annual average price was calculated 
by taking the average of all types of residential units including detached, townhouse and apartment. 
We used the average data for all types. For rental market, we directly collected our data from Canada 
Mortgage and Housing Corporation (CMHC). This institution conducted their unique survey called 
“Rental Market Survey (RMS)” through phone calls and site visits every year in October. The survey 
includes average rents for all types of residential units, availability for each type of unit and their 
vacancy rates according. The average monthly rents were collected and calculated based on the 
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actual amount that tenants were paying to their landlords. When collecting and rearranging the data 
we needed, one slot was missing for a region called Port Moody in the most recent year of 2019 in 
the data base. It was only indicated as “not enough information provided by local survey” by CMHC. 
We didn’t exclude that single slot, instead we calculate the average annual rent growth rate (from 
2018 to 2019) among all 12 regions in Greater Vancouver area and apply that average growth rate to 
the annual average rent for port Moody in 2018 to get an estimated 2019 annual rent for that region. 
Another limitation is that we could not located related square footage information on either price or 
rent, which might affect our analysis in certain ways. This will be further discussed in our analysis 
part. Other than those two major concerns, the overall reliability of the data sets is solid and 
comprehensive. Then we combined those two sources of data sets and created the time series data 
from 2005 to 2019 of both annual average price and rent for all types of residential units in Greater 
Vancouver Area. All Vancouver data sets were collected in Canadian dollars per unit on average. 
As for Tokyo, we collected the monthly data for both housing price and rent from a local Japanese 
Real Estate information provider called Tokyo Kantei Co. Ltd. They issued monthly report on 
average prices of condominium (newly built one excluded) and corresponding average rent for 
Tokyo, Yokohama, Saitama, Chiba and several other prefectures in Japan. We picked Tokyo and the 
three areas (Yokohama, Saitama and Chiba) around it to conduct our analysis because like how 
collected data for Vancouver, where has 11 other regions nest to it in the Greater Vancouver Area. 
Even geographically the Greater Vancouver Area is much larger than the Tokyo Area (including 
Yokohama, Saitama and Chiba), we considered that the Tokyo Area resemble the Greater Vancouver 
Area in terms of the basic structure of several regions surrounding one major city. Tokyo Area is 
much more condensed and populated. All data were collected in price (JPY) per square metre for 
both price and rent. For average condominium price, Tokyo Kantei derived them by collecting 
residential-use condominium (units under 30 square metre and units for office or shop use are 
excluded prices listed on major real estate sale websites and divided them by the corresponding 
square metre data collected separately. For average rent, they collected by applying the same method. 
We directly extract both price and rent information from their monthly report open to public and 
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rearranged them for further analysis. The main differences or characteristics between Vancouver and 
Tokyo data sets are summarized as below: 
1. Vancouver data covered all types of residential units, where Tokyo data only accounted for 
residential-purpose condominium units 
2. Both areas have time series data, but Vancouver data is collected on an annual basis while 
Tokyo data is collected monthly 
3. The Greater Vancouver Area has 12 regions in total and Tokyo Area has 4 regions in total 
4. Tokyo data are all presented in Japanese yen per square meter while we could not obtain 
square footage data for Vancouver data, only with average price and rent in Canadian dollar 
amount 
5. The method of collecting rent is different. CMHC conducted primary survey to obtain the 
rent information while Tokyo Kantei derived its own data base by rent information listed on 
existing websites. 
All Vancouver data have been attached in Appendix. Tokyo data will be provided upon request. 
There will be two major analysis conducted for each city, respectively. The first test is discount rate 
estimation using discount cash flow model under different assumptions to check if the rate estimated 
correspond to the historical data of cost of financing in a specific region. The second part will be 
running a panel regression on both Vancouver and Tokyo data sets to test the correlation between the 







Overall, the residential real estate market has been increasing rapidly across Canada. If we look at 
Figure 1 shown below, the data collected from all the way back to 1977 till current year of 2020 
gives a big picture of how the residential market in Great Vancouver Area had been growing or 
booming. In particular, the blue line which represent the detached units, keeps staying at the highest 
price level and relatively higher growth rate among the four major categories (detached, 
condominium, attached and apartments). After the 2008 financial crisis, immigrants with huge 
amount of foreign investment and speculative activity in major cities in Canada, especially 
Vancouver, lead to a boom in the real estate market, resulting in enormous increase in housing price 




Figure 1.0: Greater Vancouver Average Residential Housing Sale Prices (1977 – 2020) 
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Craig, M (2020). Home prices remain steady,buyers and sellers become more comfortable operating 
in today’s market? Real Estate Board of Greater Vancouver. Retrieved from 
http://members.rebgv.org/news/REBGV-Stats-Pkg-May-2020.pdf 
We can also tell from Figure 1 above that the Greater Vancouver Area experienced its real estate 
boom peaking from 2015 to 2018, especially for those detached units. The housing price did cool 
down to some extent following 2019. Home prices have been stable during the COVID-19 period in 
the Greater Vancouver area and starting early May 2020, the market in Vancouver has already been 
recovering and picked up. As indicated by a newsletter issued by Real Estate Board of Greater 
Vancouver , “Residential home sales in the region totaled 1,485 in May 2020, a 43.7 per cent 
decrease from the 2,638 sales recorded in May 2019 and a 33.9 percent increase from the 1,109 
homes sold in April 2020” (Real Estate Board of Greater Vancouver, 2020). Unlike the financial 
market, the real estate market might have more resilience in terms of recovery from a recession or 
economic shock. Back to the Figure 1, the sale prices of condominium, attached units and 
apartments have also been following an increasing path in general during this 40 years since 1977 
but with a relatively lower growth rate when compared to the one of detached units. A brief 
explanation of the sky-high detached units’ price is that the extra cost associated with building a 
detached unit in Vancouver according to a real estate report issued by C. D. Howe Institute (Ferreras, 
2018).  
 




Jesserferreras. (2018, May 15). The extra cost to build a Vancouver detached home is $644,000. It's 
half that elsewhere: Report. Retrieved July 08, 2020, from 
https://globalnews.ca/news/4208533/vancouver-detached-home-building-costs/ 
 
In Figure 2, it indicates that Vancouver has the biggest living size, highest restriction cost and the 
most numbers built among all 8 major cities across Canada. The extra building cost might be one of 





City of Vancouver Average Annual Housing Price Change 
 
From Chart A above, for city of Vancouver, the average home prices for all units (detached, 
condominium, attached and apartments) peaked in between 2017 and 2018, then there is a slight 
drop from 2018 to 2019. 
On the other hand, the rental market for Vancouver has also been stayed tight with the lowest 
vacancy rates among any major Canadian cities. Vancouver’s great weather, geographic location and 
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its highly developed city system has been attracting a lot of real estate investors but also a great 
number of people who decide to study and work in Vancouver. Both foreign and local investors have 
already been pushing the Vancouver housing price to a extremely high level, so people started 
turning to rental market, which again, caused the low vacancy and high rent as well. 
 
Chart B 
Greater Vancouver Area Average Monthly Rent Trend  
 
 
We generated this Chart A through the data we collected from Canadian Rental Housing Index. For 
all the 12 regions in Greater Vancouver Area, there have been an increase trend since 2005, with 
West Vancouver having the highest average rent. West Vancouver also has the highest average 
housing price among the 12 regions. There are two major reasons for this phenomenon. The first one 
is that many foreign investors purchased a house there and treat the unit like a resort spot for 
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temporary living. The second reason is that due the special geographic location of West Vancouver, 
which locates at the foot of the West Mountain Area, it has less population with huge open space, it 
leads to much larger units in terms of their footage size. This directly cause the price and the rent of 
West Vancouver to go much higher than other regions around. This also leave us the problem, like 
the limitation we explained earlier in previous paragraph, without access to the price per square foot 
data, the discount rate analysis or any regression model might not be convincible as the change in 
price or rent may greatly affected by the increase in units’ sizes. Another thing to notice is that in 
West Vancouver, many owners just purchased one unit and left it vacant during majority time of the 
year without renting their units out, which caused the high vacancy rate in West Vancouver. This is 
the opposite to the situation in City of Vancouver or some regions next to Vancouver such as 
Burnaby and New Westminster, both of which has relatively low vacancy rate due to high tenant 
demand and strong market competition. 
So far, we can see a general increase in both housing price and rent across different regions in 
Greater Vancouver Area, from 2005 to 2019. However, do those two move together? Can we 
evaluate a residential property by treating the unit as a financial asset in the stock market similarly? 
In the next section, we will be mainly estimating the discount rate of the housing market and the 
relationship between housing price and rent across 12 different regions. 
 
 
Vancouver Analysis I. Discount Rate Estimation 
We used discount cash flow model to estimate the discount rate for residential housing market within 
12 regions in the Greater Vancouver Area to test if we can treat the real estate property as a financial 
asset. Since we have the average annual data for both housing price and rent of each region, we 
treated housing price at the end of 2005 and 2019 as initial purchasing price and selling price, 
respectively, while rent is considered as cash inflow for the property holders. As we only took cost of 
debt (financing the unit) into account in this model, so we did not include any operating and 
maintenance related cost or property tax. First, we assume that the discount rate is the same during 
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the 14 years span (2005 to 2019) within the same region, but it differs across different regions. Most 
of those regional financing rates differences might be caused by local market structures, relative 
intensity of local demand on housing and mortgage risks. Based on this assumption, we estimate the 
annual discount rate for each region by further assuming that one investor buy the property at the 
end of 2005 and sell it by the end of 2019, who will also receive annual rent as consecutive cash 
inflows for 14 years. Through Excel Solver, we obtained the estimation of annual discount rate and 





Estimated Annual Discount Rate (Same 
over 14 years)  
Burnaby  0.0433  
Coquitlam 0.0463  
Delta  0.0357  
Maple Ridge 0.0404  
New Westminster 0.0414  
North Vancouver  0.0368  
Pitt Meadows 0.0422  
Port Coquitlam  0.0387  
Port Moody 0.0352  
Richmond  0.0426  
Vancouver 0.0476  
West Vancouver 0.0421  
Average 0.0410  
 
This gave us an average annual discount rate of 0.041 across 12 different regions, with Vancouver 
being the highest rate of 0.0476. To obtain a more precise estimation to test whether the discount rate 
estimated matches the historical posted mortgage rate in Canada, we tried separating the 14-year 
span into two time period and then conducted the same discount cash flow analysis by using a 





Figure 1.2: Historical Average 5-year Canadian Mortgage Rates 
Historical 5-Year Fixed Mortgage Rates in Canada. (2020). Retrieved July 08, 2020, from 
https://www.ratehub.ca/5-year-fixed-mortgage-rate-history 
As shown by the graph above, since historical discounted 5-year mortgage rates are roughly 
averaging more than 5% from 2006 to 2008, while they are averaging around 3% from 2009 till 
2020. Accordingly, we used a two-period model for estimating the discount rate for 12 different 
regions in Greater Vancouver area. That is why we separate the time into “2006 to 2009 high interest 
rate period” and “2009 to 2019 low interest rate period”. We conducted the discount cash flow 
analysis by adding constraints to the Solver function. The constraints were set region specifically. 
For example, for City of Burnaby, since we obtained a discount rate of 0.0433 in our first estimation 
assuming the same rate over the 14 years, we set the constraint of discount rate R1 for high interest 
rate period (2006~2008) being greater than 0.0433. As for the discount rate R2 for low interest rate 
period (2009~2019), we set the constraint of R2 being greater than 0 but less than 0.0433. We 
applied the same rule to the rest of the 12 regions. Other assumptions stayed the same: units in one 
specific region being purchased at the end of 2005 and sold at the end of 2019. Rents received are 





Table 1.1  
 





Burnaby  0.0679  0.0316  
Coquitlam 0.0740  0.0331  
Delta  0.0526  0.0276  
Maple Ridge 0.0622  0.0300  
New Westminster 0.0640  0.0311  
North Vancouver  0.0548  0.0281  
Pitt Meadows 0.0655  0.0314  
Port Coquitlam  0.0585  0.0294  
Port Moody 0.0516  0.0276  
Richmond  0.0664  0.0315  
Vancouver 0.0766  0.0337  
West Vancouver 0.0586  0.0338  
Average 0.0627  0.0307  
 
The estimation has an average annual discount rate of 0.0627 for the first 3 year as high-interest 
period and 0.0307 for the rest as low-interest-rate period, with Vancouver having the highest 
estimation of 0.0766 from 2006 to 2008 and West Vancouver having the highest estimation of 0.338 
from 2009 to 2019. However, the limitation of the analysis is that we could not obtain the historical 
provincial mortgage rate data of British Columbia or more regional data in the Great Vancouver Area 
to make more reasonable comparison. In next section, we will be using R to further analyze the 
relationship between housing price and rent to test the regional differences and whether the 
correlation is strong or not. 
 
Vancouver Analysis II. Panel Regression 
In this part, we mainly focused on using panel regression model to examine the relationship between 
rent and housing price across 12 regions in the Greater Vancouver area. Since here we have 
cross-sectional as well as time series data, we decided to use panel regression model instead of the 
basic OLS regression model as it does not consider heterogeneity across regions or across years. 
First, we tried the one-way fixed effect within model. As indicated by Cheng, the fixed effect approach 
allows the individual or time specific effects to be correlated with explanatory variables (Cheng, 2016). 
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In our case, we have 12 sections with a time span of 14 years in total (from 2005 to 2019). In order get 
a more precise, we applied logarithm transformation to price and rent to make the data sets closer to 
normal distribution. 
We compared log change of housing price and log change of rent. For Vancouver data, we were using 
annual average residential housing price for each region. One limitation regarding the data set is that 
the data has nothing to do with square footage information. In other words, we could not obtain the per 
square foot housing price data, which might affect the accuracy of later analysis because the some part 
of the increase in price or rent might be caused by the increase in size of the units in a region. On the 
other hand, for Tokyo, we did obtain average per square meter price and rent data for 4 major regions 
around Tokyo. The differences and their effect will be further discussed after the analysis of Tokyo 
data. We defined P = Log (Pt/Pt-1) and R = Log (Rt-1/Rt-2), which represents the price or rent change 
between each year. As we detected that there might have existed a lag between those two changes. The 
cause of the lag is that under British Columbia Rent & Tenant Law, the rent increase can be only 
conducted at most once a year with a fixed maximum amount set by the local government, in which 
case, change in rent will probably show up a year later (lag period). In other words, the rent change 
will be approximately one year after the change of a housing price. That is why we will be 
regressing log price change of current year against the log rent change of previous year. As for fixed 
effect, since the assumption is that the individual-related effects are correlated with the independent 
variables, we believed that each region has its own effect on the relationship between its housing 
price and region since we did detect the differences in discount rates across different regions in our 
previous section’s analysis. Here, we are going to further test the price-rent relationship under this 
assumption. 
 
The general fixed effect model we used in our analysis is indicated as following: 
Pit = αi + Rit*β + εit 
Where: 
P = Log (Pt/Pt-1), dependent variable observed for individual i at time t 
(Pt = annual average price) 
R = Log (Rt-1/Rt-2), time-variant regressor vector 
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(Rt = annual average rent) 
αi = the unobserved time-invariant individual effect 
i = 1, …, T (City: 12 regions) 
t = 1, …, N (Time: year 2005 ~2019)  





Table 1.2  





      Min        1Q    Median        3Q       Max  
-0.089247 -0.027575 -0.007667   0.026490   0.088781  
 
Coefficients: 
                             Estimate Std. Error t value      Pr(>|t|)
    
(City)Burnaby               0.02830    0.01121   2.524   0.01270 *  
(City)Coquitlam             0.02923    0.01122   2.605   0.01016 *  
(City)Delta                 0.02328    0.01104   2.108   0.03675 *  
(City)Maple Ridge           0.02539    0.01115   2.278   0.02423 *  
(City)New Westminster       0.03025    0.01139   2.656   0.00882 ** 
(City)North Vancouver       0.02666    0.01134   2.350   0.02013 *  
(City)Pitt Meadows          0.02851    0.01120   2.545   0.01199 *  
(City)Port Coquitlam        0.02806    0.01132   2.479   0.01435 *  
(City)Port Moody            0.02719    0.01125   2.416   0.01698 *  
(City)Richmond              0.02922    0.01119   2.612   0.00996 ** 
(City)Vancouver             0.02593    0.01133   2.289   0.02352 *  
(City)West Vancouver        0.02523    0.01122   2.248   0.02608 *  
--- 
Significance. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 
 
 
Residual standard error: 0.03914 on 143 degrees of freedom 
Multiple R-squared:  0.2765,  
Adjusted R-squared:  0.2107  
F-statistic: 4.203 on 13 and 143 DF  
p-value: 6.561e-06 
 
First, using log-transformed data, we ran a region-specific Fixed Effects test using dummy variables. 
The results are shown above in Table 1.2, where it can be concluded that each city or region in the 
Greater Vancouver area has a positive coefficient with a value in between 0.02 and 0.03, with New 
Westminster being the highest positive correlation among those 12 cities. The p-value for each city 





Table 1.3  
Regression result: One-way (individual) effect Within Model 
 
Balanced Panel: n = 12, T = 14, N = 168 
 
                    Estimate  Std. Error  t-value  Pr(>|t|)     
R                 0.18613192  0.08506420   2.1881   0.03029 *   
factor(Time)2007 -0.02683312  0.00669134  -4.0101 9.769e-05 *** 
factor(Time)2008 -0.10460452  0.00668093 -15.6572 < 2.2e-16 *** 
factor(Time)2009 -0.02860623  0.00669919  -4.2701 3.556e-05 *** 
factor(Time)2010 -0.06471642  0.00668385  -9.6825 < 2.2e-16 *** 
factor(Time)2011 -0.04166683  0.00670272  -6.2164 5.339e-09 *** 
factor(Time)2012 -0.07098719  0.00669967 -10.5956 < 2.2e-16 *** 
factor(Time)2013 -0.05583245  0.00672051  -8.3078 7.036e-14 *** 
factor(Time)2014 -0.04420122  0.00668671  -6.6103 7.200e-10 *** 
factor(Time)2015  0.00671479  0.00666222   1.0079   0.31522     
factor(Time)2016  0.00654567  0.00667466   0.9807   0.32842     
factor(Time)2017  0.00020486  0.00671578   0.0305   0.97571     
factor(Time)2018 -0.07918932  0.00686321 -11.5382 < 2.2e-16 *** 
factor(Time)2019 -0.08509323  0.00672805 -12.6475 < 2.2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Total Sum of Squares:    0.24994 
Residual Sum of Squares: 0.037816 
R-Squared:      0.8487 
Adj. R-Squared: 0.82206 




Following the dummy test, we applied one-way (individual) effect within model by setting “Time” 
(2008 ~ 2019) as factors while “City” (12 regions) as index. From the result shown above in Table 
1.3, there is a positive relationship between P = Log (Pt/Pt-1) and R = Log (Rt-1/Rt-2). Since p-value 
is much less than 0.05, we can reject the null and there is a significant relationship between the 
variables in the linear regression model of the 12 regions’ data set of the Greater Vancouver area. 
The p-value here is much smaller than our previous analysis using dummy variables and we were 
getting a significant estimation of coefficient in between 0.02 and 0.03. Here is the question: what if 
the individual-specific effect (regional effect) is not significantly correlated to the independent 
variables? After applying the fixed effect model, we also ran a random effect model using the same 






Table 1.4  
Regression results: One-way (individual) Random Effect Model  
Balanced Panel: n = 12, T = 14, N = 168 
                    var   std.dev share 
idiosyncratic 0.0002663 0.0163190     1 
individual    0.0000000 0.0000000     0  theta: 0 
                  Estimate  Std. Error  z-value  Pr(>|z|)     
(Intercept)     0.06470330  0.00476750  13.5717 < 2.2e-16 *** 
R               0.18770095  0.08127751   2.3094   0.02092 *   
factor(time)2  -0.02684462  0.00649734  -4.1316 3.602e-05 *** 
factor(time)3  -0.10459530  0.00648755 -16.1225 < 2.2e-16 *** 
factor(time)4  -0.02859327  0.00650473  -4.3958 1.104e-05 *** 
factor(time)5  -0.06470651  0.00649030  -9.9697 < 2.2e-16 *** 
factor(time)6  -0.04165326  0.00650804  -6.4003 1.551e-10 *** 
factor(time)7  -0.07097415  0.00650518 -10.9104 < 2.2e-16 *** 
factor(time)8  -0.05581616  0.00652477  -8.5545 < 2.2e-16 *** 
factor(time)9  -0.04419067  0.00649299  -6.8059 1.004e-11 *** 
factor(time)10  0.00671479  0.00646996   1.0378   0.29934     
factor(time)11  0.00653816  0.00648166   1.0087   0.31311     
factor(time)12  0.00018925  0.00652032   0.0290   0.97685     
factor(time)13 -0.07921973  0.00665900 -11.8966 < 2.2e-16 *** 
factor(time)14 -0.08511055  0.00653186 -13.0301 < 2.2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Total Sum of Squares:    0.25061 
Residual Sum of Squares: 0.038428 
R-Squared:      0.84667 
Adj. R-Squared: 0.83263 
Chisq: 844.819 on 14 DF, p-value: < 2.22e-16 
 
The regression results from Table 1.4 indicates that the coefficient is 0.027 and P has a significant 
positively relationship with R, with less than 0.05 p-value. However, to test whether those regional 
effects matter, we ran a cross-sectional dependence in panels test. The results are shown below in 
Table 1.5. 
 
Table 1.5 Breusch-Pagan LM test Result for cross-sectional dependence in panels 
 
data:  P ~ R + factor (Time) 
chisq = 230.33, df = 66, p-value < 2.2e-16 
alternative hypothesis: cross-sectional dependence 
 
Since, p-value less than 0.05, it is significant and supporting a strong cross-sectional dependence 
among our panel data for Greater Vancouver Area.  
In short, we obtained significant results for both fixed and random effect model, both of which 
indicating a positive relationship between the logarithm of price change and the logarithm of rent 
change, with one-year lag in rent change. The significant result from Table 1.5 also indicated a 
strong cross-sectional dependence among the panel data. However, even we tried running the 
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Random Effect Model, what we still don’t know is that whether the regional effect is significantly 




Japan experienced its housing market peak during 1980s bubble period, during which both real 
estate and stock market were extremely inflated. Following the burst in early 1990s, the whole 
economy started to cool down. Then the 2008 shock followed by the 2011 earthquake did have 
certain impact on the Japanese housing market as well. As shown in the graph of Figure 2.0, it can 
also be seen that the apartment price movement of nation-wide and Tokyo have two peaks. The 
housing price level started to pick up again after the implementation of Abenomics around 2013. 
This is not shown in Figure 2.0, but we will further discuss the current real estate trend for Tokyo in 









Unlike Vancouver with a steady increase pattern in general for both housing price and rent over the 
14 years span, Tokyo has experienced up and down due to different bubble burst, natural disasters, 
and government policy. On the other hand, both cities have the high housing price level and low 
vacancy rate for the rental market. Although the two cities have totally different geographic factors, 
economic conditions, and local policies, they do share the same feature of attracting people to move 
into the city, pushing the price and rent higher than other regions around them. As we already 
examined and tested Vancouver data sets, we would compare the results obtained from Vancouver 
with the one from Tokyo, in terms of discount rate estimation and relationship between price and 
rent in both cities. Before doing the analysis, there are a few supporting graph and extra information 









First, from Figure 2.1, we can see a sharp decrease in residential land, detached houses, and 
condominiums after early 1990s bubble and a steady increase after around 2013. Especially for 
condominiums, which is represented by the red line, started to pick up at a relatively quicker pace 





Figure 2.2: Tokyo 23 Wards Price of land and condominium 
2020年 東京の不動産価格・相場の推移と買い時を検証. (2020, July 17). Retrieved 
July 08, 2020, from https://sumu-z.jp/tips/tips28/ 
Figure 2.2 shows the movement of land and condominiums’ price per square metre within Tokyo 23 
wards from 2007 to 2019. In the past few years, the unit price per square meter of condominiums has 
been on a downward trend since the Lehman Shock, but since 2013 it has been on an increasing 
trend each year and fluctuations are also likely to be large according to Sumuzu Real Estate 
Association (What moves Tokyo Real Estate Market, 2020). They also pointed out that the main 
reasons for the increase in unit price per square meter of the condominium are the sharp rise in 
popularity due to the boom in condominiums and the rise in construction costs. The reason why 
condominiums in Tokyo's 23 wards are so popular even when prices soar is that they are safe, secure, 
convenient, and attractive with well-developed infrastructure, especially for those built closer to the 
station. However, due to the excessive supply of condominiums and the tightening of regulations due 
to the enforcement of the new law on condominiums and 2018 tax reform policy, there are a certain 
amount of people who were turning to detached houses rather than condominiums. However, 
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purchasing a newly built or old detached house in Japan, the owner must pay not only the regular 
annual property tax, but also the “City Infrastructure Tax” depending how close the unit is to the 
nearest train station. In Vancouver’s case, as mentioned in previous chapter, there only exists 
property tax to be paid on an annual basis. For Tokyo, the population density is much higher than 
that of Vancouver and transportation system is established on a different level to meet all the 
commute demand for a much larger and dense population. Although we are not including any spatial 
analysis on Tokyo housing price and rent, it did help deepen the understanding toward what factors 
drive the dynamic change in between price and rent across different regions of those two major cities 




Residential housing vacancy rates in Japan Archives. (2019, April 29). Retrieved July 08, 
2020, from 
https://japanpropertycentral.com/tag/residential-housing-vacancy-rates-in-japan/ 
From Figure 2.2, it can be observed that Japan’s average residential vacancy rate has been increasing 
since 1963. The increase had been smoothed out a little bit starting from 2013 till 2018 according to 
the graph. This data is collected through a survey conducted by the Administrative of Internal Affairs 
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and Communications once every 5 years. According to the report, the national wide vacancy rate 
was 13.6 percent by the end of 2018 (Japan property central, 2019). However, it has not been the 




Residential housing vacancy rates in Japan Archives. (2019, April 29). Retrieved July 08, 
2020, from 
https://japanpropertycentral.com/tag/residential-housing-vacancy-rates-in-japan/ 
According to Figure 2.3, average occupancy rate for rental apartments in Japan had been steadily 
improving since 2010. From 2013, occupancy rate of cities and areas other than Tokyo had been 
slightly going downwards. Especially for Tokyo central 5 wards, the occupancy rate kept growing. 
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This real estate market condition was probably caused by “improving property market and REITs 
acquiring relatively new buildings in prime or central locations (Japan property central, 2019). As 
mentioned earlier, this lower vacancy rate for Tokyo is also due to the increase in regular housing 
price so people who cannot afford those units would rather rent an apartment, which increases the 




2020年6月 東京23区及び周囲空き部屋トレンド. Retrieved July 08, 2020, from 
https://www.kantei.ne.jp/report/rent/765 
 
As the data sets we collected include 4 major regions: Tokyo 23 Wards, Yokohama, Saitama and 
Chiba, if looking at the chart shown in Figure 2.5, one can tell that Tokyo 23 wards stays at the 
highest rent level from 2005 to 2019. Yokohama and Osaka share a similar average rent for 
built-for-sale condominiums. Information of Chiba prefecture has not been listed in the chart. We 




Tokyo Analysis I. Discount Rate Estimation 
First, like how we did the estimation for Vancouver, we first tried estimating the discount rate for 
Tokyo 23 wards, Yokohama, Saitama and Chiba, respectively, under the assumption that the annual 
discount rate stay the same throughout 2006 to 2019 for the same region. Although we have monthly 
data for Tokyo Area, but we calculated the average per square metre price and rent of each year for 
the 4 regions and then applied the discount cash flow analysis. In that way, we can get an estimation 
of discount rate per annum to compare the results with those of Vancouver. 
Table 2.0  
 Estimated Annual Discount Rate 
Tokyo 23 0.03228   
Yokohama 0.01793   
Saitama 0.02003   
Chiba 0.00565   
 
The result we obtained shown in Table 2.0 indicated a relatively low discount rate for Chiba district. 
Tokyo has the highest value around 3 percent per annum. Those annual rates estimated are much 
lower than those we got from Vancouver data. One of the important reasons is that Japan in general 
offers a much lower interest rate nation-wide. We will take a deeper look into the interest rate policy 
and movement specifically in Japan as well as those posted mortgage rate offered by local banks or 
financial institutions. 
 




を多角的に紹介. The Parkhouse (n.d.). Retrieved July 08, 2020, from 
https://www.mecsumai.com/sumai/knowledge/1712-1/ 
 
Next, similarly, we separate the time period into high and low interest periods. As shown from the 
graph above, we can tell, first, the low interest rate era, which began in the mid-1990s, has continued 
for over 20 years. In the 21st century, along with the "zero interest rate policy", Japan had been 
experiencing historically low interest rate. The rates had risen slightly after 2005. However, it 
dropped further after the 2008 Lehman shock. As the Bank of Japan's monetary policy, such as 
"monetary easing" and "negative interest rate policy" from 2016, directly affected the mortgage rate 
offered. It might be good news for investors or normal home buyers. Especially for local buyers, 
they might be able to each a close to zero home loan offer. On the other hand, it might not be the 
case for foreign mortgage applicants. Based on this graph, when we look at the red line, which 
represent the fixed rate, from 2005 to 2008, there is a tiny increase in fixed mortgage rate, averaging 
around 2.5%, while form 2008 till 2016, the rate had been dropping steadily, averaging around 2%. 
One thing to notice that is, in Figure above, the rate is “posted rate”. After negotiation, the actual 
mortgage rate an investor receive might be lower than the rate posted by a financial institution. It 
depends on the bank policy and investors’ preference. This might add extra fluctuations and 






Figure 2.7 Posted Mortgage Rate offered by Major banks 
住宅ローンの金利推移と今後の金利動向. (n.d.). Retrieved July 07, 2020, from 
https://mochiie.com/columns/mortgage_rates 
Continuing on, as shown by figure above, after 2016 both the 5-year and 10-year fixed rates have 
been stayed relatively low and steady in between 0.6% and 0.9%, while 35-year long term fixed rate 
stayed at a relatively high position of above 1.2% on average. All those rates are still at a relatively 
low level compared to those in Canada over the same time period. Based on those data, we decided 
to separate the time series into two periods, which is from 2006 to 2015 before the minus interest 
rate policy and from 2016 to 2019 period. Like what we did for analyzing Vancouver data, we put 
new constraints to the excel solver function. For example, for Yokohama, since we obtained a 
discount rate of 0.01793 in our first estimation assuming the same rate over the 14 years, we set the 
constraint of discount rate R1 for high interest rate period (2006~20015) being greater than 0.01793. 
As for the discount rate R2 for low interest rate period (2006~2019), we set the constraint of R2 
being greater than 0 but less than 0.01793. Then we applied this method to all 4 regions and obtained 





R1: Estimated Annual Discount Rate 
for period 1 (2006 ~ 2015)  
R2: Rate for period 2 
(2016~2019) 
Tokyo 23 0.038638462    0.008803  
Yokohama 0.020907508    0.00131  
Saitama 0.023741736    0.00165  
Chiba 0.00565461    0.00118  
 
 
Table 2.1 shows that Tokyo 23 Wards have the estimation for both periods as expected, followed by 
Yokohama and Saitama. For Chiba, both rates estimated are lower than 0.1 percent. As mentioned in 
previous paragraphs, foreigner might be receiving higher rates when applying for local mortgage. 
That might contribute to the differences across those 4 regions as there are more foreign investment 
in Tokyo housing market. It can also be indicated that the estimated discount rate for Tokyo 23 
Wards is close to the actual posted 5-year fixed mortgage rate offered by Japanese banks during the 
2016-2019 period, which is around 0.8 percent per annum. However, for the rest of the three regions, 
the estimated rate are much lower. The estimation did not match the actual mortgage rates perfectly, 




Tokyo Analysis II. Panel Regression 
For Tokyo, similarly, we set the P = Log(Pt/Pt-1)R = Log(Rt/Rt-1), representing logarithm of current 
price over previous month’s price and logarithm of current rent over rent from previous month. To start 
with, we assume there is no lag period in between price and rent change. Since for Tokyo, we have 
monthly data across 4 regions over 14 years, so there are more observations from the data sets than 
those from Vancouver. The first two tests we did is the one-way fixed effect within model and the 





Table 2.2  
One-way fixed effect Within Model 
 
Balanced Panel: n = 4, T = 167, N = 668 
 
Residuals: 
       Min.     1st Qu.      Median     3rd Qu.        Max.  
-0.38704885 -0.00363853 -0.00029326   0.00305865   0.39911831  
 
Coefficients: 
                      Estimate   Std. Error t-value   Pr(>|t|)     
R                  -6.5055e-02   1.6349e-01 -0.3979    0.6909   
 
Total Sum of Squares:    0.59671 
Residual Sum of Squares: 0.44322 
R-Squared:      0.25724 
Adj. R-Squared: 0.0031713 
F-statistic: 1.03067 on 167 and 497 DF, p-value: 0.39736 
 
Table 2.3 
Regression results: One-way (individual) Random Effect Model 
 
 
Balanced Panel: n = 4, T = 167, N = 668 
 
Effects:  
                    var   std. dev share 
idiosyncratic 0.0008918 0.0298627     1 




       Min.     1st Qu.      Median     3rd Qu.        Max.  
-0.38708563 -0.00364540 -0.00021837 0.00325404 0.39908522  
 
Coefficients: 
                   Estimate   Std. Error z-value   Pr(>|z|)     
Intercept       -0.00529863   0.01490077 -0.3556    0.7221     
R               -0.06459908   0.16300737 -0.3963    0.6919  
 
Total Sum of Squares:    0.59678 
Residual Sum of Squares: 0.44329 
R-Squared:      0.2572 
Adj. R-Squared: 0.0091061 
Chi-square: 173.13 on 167 DF, p-value: 0.35653 
 
Neither the result of one-way fixed effect within model in Table 2.2 nor the Random effect model in 
Table 2.3 indicated a positive coefficient. There seemed to be a negative relationship between price 
change and logarithm of rent change. However, it approximated but did not reach statistical 
significance, we cannot confirm the correlation between price change and rent change from this test. 
Taking possible sources of uncertainties in our experimental approach, we decide to add lag period 
into our analysis Vancouver. Since we have monthly data for Tokyo, to get a more precise estimation, 
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we started to add lag at a monthly interval, in which case the lag period will be increase from 0 to 1 
month, from 1 month to 2 months and so on, all the way till one full year lag like what we did for 
Vancouver. The results are shown at the 4 tables below. 
 
Table 2.4  
One-season lag 
 
Unbalanced Panel: n = 4, T = 164-167, N = 665 
 
Residuals: 
       Min.     1st Qu.      Median     3rd Qu.        Max.  
-0.38724884 -0.00350710 -0.00017603   0.00330844   0.39885961  
  
Coefficients: 
                      Estimate   Std. Error   t-value   Pr (>|t|)     
R                   0.09658161   0.16406595   0.5887    0.5563    
 
Total Sum of Squares:    0.59662 
Residual Sum of Squares: 0.44295 
R-Squared:      0.25756 
Adj. R-Squared: 0.0020674 
F-statistic: 1.0262 on 167 and 494 DF, p-value: 0.41081 
 
Table 2.5  
Two-seasons lag 
 
Unbalanced Panel: n = 4, T = 161-167, N = 662 
 
Residuals: 
       Min.     1st Qu.       Median     3rd Qu.        Max.  
-3.8177e-01 -3.7558e-03   2.0222e-05   3.6003e-03   3.9679e-01  
 
Coefficients: 
                      Estimate   Std. Error   t-value   Pr (>|t|)     
R                   3.4565e-01   1.6410e-01   2.1063    0.03568 
 
Total Sum of Squares:    0.59654 
Residual Sum of Squares: 0.43915 
R-Squared:      0.26383 
Adj. R-Squared: 0.0089488 
F-statistic: 1.0537 on 167 and 491 DF, p-value: 0.33173 
 
Table 2.6  
Three-seasons lag 
 
Unbalanced Panel: n = 4, T = 158-167, N = 659 
 
Residuals: 
       Min.     1st Qu.      Median     3rd Qu.        Max.  
-3.8627e-01 -3.5307e-03 -8.8323e-05   3.1200e-03   3.9929e-01  
 
Coefficients: 
                      Estimate   Std. Error   t-value   Pr (>|t|)     
R                   1.6667e-01   1.6623e-01   1.0027    0.3165 
 
Total Sum of Squares:    0.59635 
Residual Sum of Squares: 0.44194 
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R-Squared:      0.25893 
Adj. R-Squared: 0.00076615 
F-statistic: 1.02099 on 167 and 488 DF, p-value: 0.42675 
 
Table 2.7  
One-year lag 
 
Unbalanced Panel: n = 4, T = 155-167, N = 656 
 
Residuals: 
       Min.     1st Qu.      Median     3rd Qu.        Max.  
-0.38767234 -0.00356838 -0.00023158   0.00314530   0.39916151  
 
Coefficients: 
                      Estimate   Std. Error   t-value   Pr (>|t|)     
R                   0.05150421   0.16743922   0.3076    0.7585 
 
Total Sum of Squares:    0.59619 
Residual Sum of Squares: 0.44175 
R-Squared:      0.25906 
Adj. R-Squared: -0.00065683 
F-statistic: 1.01539 on 167 and 485 DF, p-value: 0.44392 
 
 
We started to get positive results once we incorporate the seasonal lag into the panel regression 
analysis, which means the housing market is more sensitive to recent rent growth only. It indicates 
that the change in price have different correspondence to change in rent depending on when the 
changes are measured and the housing market is more sensitive to recent rent growth only. However, 
none of those results presented a significant estimation, so we cannot conclude that there is a 
positive relationship between change in price and change in rent. Neither can we conclude that there 
is no relationship between those two, even the statistic results are insignificant. We need to collect 
more data and conduct more research to reconcile these differences. There might be several reasons 
why those results defied expectations. First, the data sets are not comprehensive and precis enough 
as all the data were collected from listings on real estate web sites, they might not be reflecting the 
actual transaction price and the actual amount of rent paid or received. Second, even we tried 4 
different lag periods applied our model, we might still have not touched more precise lag period 
between price and rent for the actual Tokyo housing market. Third, there might be seasonality 
differences. Since the season of Japanese housing market usually peaks from January April as April 
is the starting month for both academic schools and majority of Japanese firms. To get more reliable 




In this paper, we tried to find out if there is a strong correlation between residential housing price 
and rent across different regions in Vancouver and Tokyo by comparing the estimated annual 
discount rate with the mortgage rate offered during the same period and regressing change in price 
against change in rent.  
For Vancouver, the analysis using discount cash flow model gave us a close estimation for both the 
high-interest period and the low-interest-rate period across 12 regions in Greater Vancouver Area. 
The results did not exactly match with the historical Canadian mortgage rate, but the estimations 
have similar movement as the market rate. We also obtained significant results for fixed and random 
effect panel regression tests, both of which indicating a positive relationship between the price 
change and the rent change, with one-year lag in rent change. 
For Tokyo, we found that the estimated annual discount rate for Tokyo 23 Wards is the closest one to 
the actual posted 5-year fixed mortgage rate offered by Japanese banks during the 2016-2019 period, 
which is around 0.8 percent per annum. However, for the rest of the three regions, the estimated rate 
are much lower. The estimation did not match the actual mortgage rates perfectly, but we can see a 
similar pattern and movement in general. For the panel regression, we were not able to get a 
significant result to conclude a strong correlation between housing price change and rent change 
across 4 regions in Tokyo Area. However, the lag period test could suggest that the housing market is 
more sensitive to recent rent growth. We tried different correspondence time from 1 month to 1 year. 
Since we did not get a significant result yet, we need to collect more relevant data and conduct 
similar regression analysis to further examine the exact lag period between change in price and 
change in rent. 
Further studies can be conducted in the following three aspects. 
First, the seasonal impact or transaction cycle of a specific housing market should be taken into 
consideration as well. For example, in Japan, the housing market usually peaks from January to April 
while in Vancouver the busy seasons are usually in between April and July. The frequency of 
housing market transaction during peak season might add more variations and uncertainty to the 
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co-movement between price and rent. Also, the vacancy rate will also affect the price-relationship as 
during off-season, there might be less people living in or doing rental in a specific region. Less 
demand in the market will also affect the price and rent accordingly. Further study should include 
this seasonal effect to get more precise test results.  
Second, the actual market price of a residential property will change depending on the environment 
surrounding the house and the various kinds of performance of the unit itself and the units around it. 
For example, landlord usually determine the rent of their units by comparing with other units with 
similar features or just located in the same district. The same valuation method may apply to 
evaluating the property itself. Like using a comparable asset to estimate a value of another asset, one 
can look at other similar units and get an estimation. In this way, it may help add some extra market 
trend or impact that cannot be included when using discount count cash flow model.  
Lastly, we also need to get more data on the housing market condition and local policy, like tenancy 
contract information and rent increase regulations. Since they will affect how people manage their 
unit and how often they can make changes to the rent of their units. That will have a direct impact on 
the correspondence time between change in price and change in rent. As different policy applies to 
different cities/regions, for example, there is a maximum rent increase per annum listed by the 
provincial government on the rent increase regulation for British Columbia (the province where 
Vancouver locates), so further research should take this “rent cap” into consideration as well. This 
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2005 P 2006 P 2007 P 2008 P 2009 P 2010 P 2011 P 2012 P 2013 P 2014 P 2015 P 2016 P 2017 P 2018 P 2019 P
Burnaby 388,333 447,800 497,033 461,900 511,100 516,600 552,533 543,733 558,000 592,100 683,400 834,200 968,267 950,666 909,900
Coquitlam 371,500 430,900 475,700 441,000 467,900 475,700 494,200 498,300 508,100 540,100 647,000 761,200 925,800 920,700 898,800
Delta 387,900 445,400 492,300 470,700 504,400 508,300 540,300 536,400 531,800 574,700 738,800 801,700 894,100 839,000 809,500
Maple Ridge 336,600 396,000 435,600 402,900 419,200 412,600 416,700 421,800 413,300 430,900 480,800 616,100 751,200 767,500 747,400
New Westminster 256,600 305,000 337,500 311,800 341,200 340,300 353,200 350,300 363,400 373,000 423,400 518,700 649,200 677,100 636,400
North Vancouver 491,200 544,600 620,300 556,200 622,100 602,500 647,400 634,500 661,200 704,800 846,800 982,500 1,094,200 1,059,900 1,028,800
Pitt Meadows 297,100 357,300 391,200 356,200 376,900 377,700 389,800 387,900 393,900 411,500 460,800 581,500 727,600 762,500 732,000
Port Coquitlam 323,700 378,000 420,100 389,400 415,700 409,600 420,700 416,600 423,300 437,900 512,100 610,300 755,800 750,800 747,600
Port Moody 407,700 458,400 508,300 474,700 493,800 486,600 487,000 501,800 511,200 544,900 649,400 764,800 923,300 921,800 893,600
Richmond 373,200 431,800 478,000 452,900 510,500 537,700 583,500 549,000 559,400 587,900 705,100 842,200 974,800 950,000 906,500
Vancouver 466,200 615,300 615,400 549,250 637,200 651,150 706,850 696,250 725,850 765,250 935,600 1,081,750 1,233,600 1,171,700 1,140,400
West Vancouver 1,010,000 1,145,300 1,315,100 1,097,100 1,261,500 1,289,700 1,527,600 1,469,500 1,580,300 1,651,200 2,090,700 2,407,700 2,511,300 2,226,100 2,119,800
2005 R 2006 R 2007 R 2008 R 2009 R 2010 R 2011 R 2012 R 2013 R 2014 R 2015 R 2016 R 2017 R 2018 R 2019 R
Burnaby 796 822 843 891 918 932 948 966 981 1,017 1,042 1,119 1,189 1,249 1,325
Coquitlam 760 779 773 856 868 882 897 906 919 931 986 1,021 1,123 1,199 1,277
Delta 752 787 774 828 817 832 838 868 892 907 920 963 997 1,040 1,095
Maple Ridge 658 667 702 725 736 739 769 789 782 781 820 843 860 989 1,030
New Westminster 692 723 751 781 801 825 849 866 885 922 933 993 1,079 1,205 1,305
North Vancouver 842 860 898 927 961 976 1,006 1,027 1,073 1,098 1,163 1,249 1,337 1,428 1,471
Pitt Meadows 820 849 894 882 882 896 940 958 944 962 985 1,027 1,184 1,279 1,339
Port Coquitlam 769 838 1,041 873 880 895 902 906 925 965 983 1,018 1,104 1,287 1,589
Port Moody 914 913 996 1,107 1,158 1,210 1,172 1,159 1,166 1,140 1,209 1,234 1,275 1,473 1,520
Richmond 901 988 1,013 1,021 1,047 1,065 1,067 1,104 1,143 1,158 1,223 1,304 1,326 1,391 1,427
Vancouver 881 915 947 988 1,044 1,062 1,106 1,131 1,147 1,178 1,236 1,327 1,392 1,481 1,570
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